Researchers at the National Cancer Institute developed a new cognitively based food frequency questionnaire (FFQ), the Diet History Questionnaire (DHQ). The Eating at America's Table Study 
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Nutritional exposures are considered among the major modifiable risk factors for several major cancers (1, 2) . The most practical and economical method for collection of comprehensive dietary data in large epidemiologic studies is the food frequency questionnaire (FFQ). Improved methods in this area are essential to providing accurate estimates of dietary intake for observational epidemiologic studies and clinical trials, thereby enhancing our understanding of the role of diet in the etiology and prevention of chronic diseases. In addition, it is estimated that, if FFQs could be improved such that correlations between the measured and true exposure of percentage of energy from fat increased from 0.60 to 0.70, sample size requirements for epidemiologic studies would be reduced by 50 percent (3), leading to substantial reductions in study costs.
FFQs ask respondents to report their usual frequency of consumption of each food from a list of foods for a specific time period. Compared with other approaches, such as 24-hour dietary recalls and food records, the FFQ generally collects less detail regarding the foods consumed, cooking methods, and portion size. Therefore, the quantification of intake is not considered as accurate. However, unlike records or recalls, FFQs are designed to capture usual dietary intake. Most are completed independently by a respondent and are relatively inexpensive. Therefore, the FFQ is usually the method of choice in large-scale epidemiologic studies.
FFQs require validation prior to or as part of dietary research. The approach taken in most studies is to examine the concordance of food frequency responses with reference instruments such as multiple 24-hour dietary recalls or diet records using measurement error models to estimate correlations between nutrient intakes measured by FFQs and truth. For most foods and nutrients, such correlations are in the range of 0.40-0.70 (4) .
Because of the continuing need for improved measurement of usual dietary intake and of epidemiologic questionnaires in general (5, 6) , investigators at the National Cancer Institute developed a new, cognitively based FFQ, the Diet History Questionnaire (DHQ). The DHQ, which inquires about usual intake over the past year, extends previous National Cancer Institute research that led to development of the National Cancer Institute-Block Health Habits and History Questionnaire (Block) (7) . Improvements in the questionnaire incorporated changes in three major areas.
First, the questionnaire was refined based on results from intensive cognitive interviewing in over 75 persons, 50-70 years of age, varying in income, education, and ethnicity. Numerous cognitive issues in FFQs related to comprehension, order of food items, intake of seasonal foods, intake averages from multiple food items, and format were found and addressed in the DHQ. Details regarding this work have been summarized elsewhere (8) . Many of the cognitive changes in the DHQ improved the validity of frequency estimates (9) .
Second, the list of foods and the portion size ranges for the DHQ were developed from analyses of the most recent available nationally representative dietary data, the US Department of Agriculture's 1994-1996 Continuing Survey of Food Intakes by Individuals (CSFII) (10) . Particular attention was given to the increased presence of low-fat choices in the food supply and to the use of fats in food preparation. To develop the food list, the CSFII data were also examined with respect to the food sources of the nutrients of interest to chronic disease etiology or prevention: energy, fiber, carotenoids, and vitamins E, C, and A (11).
Third, a new method was developed to convert FFQ responses into daily nutrient intake estimates (12) . These conversions have been made in various ways. The Block FFQ was a major advance in that food use data from a representative sample of the US population were used to derive both nutrient and portion size values (7). The analytical approach developed for the DHQ is a refinement of the Block method and represents refinement in using national dietary data to develop a FFQ nutrient database.
Among the FFQs in use in the United States over the past decade, the Block and Willett FFQs or modifications of either are among the most widely used in epidemiologic research. The purpose of the Eating at America's Table Study (EATS) was to determine correlations between nutrient intakes estimated from each of the three FFQs (DHQ, Block, and Willett) and "truth" and to compare the correlations obtained from each of the instruments. "True" intakes were estimated using a measurement error model based on repeat 24-hour recalls collected over the course of 1 year as the reference (validation) instrument.
MATERIALS AND METHODS

Sample and study design
EATS, which began in August 1997, incorporated nationally representative sampling and random digit dialing techniques to obtain 12,615 telephone numbers. The intent was to include participants 20-70 years of age, balanced by gender, and to exclude those on liquid diets or who self-reported poor English reading skills. After excluding nonworking, nonresidential, or unanswered numbers and ineligible participants, 3,590 eligible persons were identified; 1,640 (46 percent) were willing to participate. At the time of the initial telephone screening, eligible participants were administered a brief questionnaire regarding demographics, body weight, smoking history, and physical activity. This was followed by four telephone-administered, nonconsecutive, 24-hour recalls, timed to occur throughout 1 calendar year, with one recall per season. The timing and number of recalls provided data to assess seasonal variations in intake and enough days to estimate the intraindividual variability associated with a range of nutrients with precision (13) . Following the year in which the 24-hour dietary recalls were collected, participants were randomized into two groups, each completing two FFQs, 1 month apart: One group completed the DHQ and Block FFQ, and the other completed the DHQ and Willett FFQ. Within groups, the administration order was randomized. All respondents received the FFQs by mail and were instructed to complete the questionnaires independently and return them in postagepaid return envelopes. This study was approved by the institutional review boards at the National Cancer Institute and Westat. Informed consent was obtained via respondents' voluntary willingness to participate in telephone interviews and to complete questionnaires.
Twenty-four-hour dietary recalls
The four 24-hour recalls, scheduled 3 months apart, were collected from September 1997 to August 1998. Participants were required to complete a previous recall to be eligible to stay in the study. Specific goals for the weekday-weekend pattern of collected intakes were established to ensure that the intake data better reflected participants' usual dietary intake patterns. The study set goals for the weekday-weekend pattern of collected intakes to be four weekday intakes on 25 percent of the participants, three weekday/one weekend intakes on 50 percent, and two weekday/two weekend intakes on 25 percent to allow for the practical aspects of data collection as well as to ensure variability in weekend versus weekday distributions across participants. These goals were met by more than 99 percent of the sample. Eighty-four percent of the participants reported using the measuring guides (measuring cups and spoons, ruler, and two-dimensional pictures), and the remainder used their own guides or were interviewed without guides.
Interviewers for the recalls were required to have at least a Bachelor's degree in health, nutrition, or home economics and to participate in a 32-hour interviewer training. Their work was closely monitored for quality control among senior staff nutritionists by reviewing 100 percent of the collected data and by listening to 10 percent of the interviews. The 24-hour dietary recalls were collected using the multiple-pass methodology developed for the 1994-1996 CSFII (10). The Food Instruction Booklet, used in that survey and adapted for EATS, contained probes specific to each category of foods to ensure standardized interviews.
The 24-hour dietary recall data were coded using the Food Intake Analysis System, version 3.0 (FIAS 3.0), developed at the University of Texas. At the time of this study, FIAS 3.0 was up-to-date with the 1994 and 1995 CSFII. Foods not found in the database were added on the basis of released CSFII data files through 1997.
Food frequency questionnaires
The DHQ used in EATS was a 36-page booklet. The DHQ queries the frequency of intake for 124 separate food items and asks portion size for most of these by providing a choice of three ranges. For 44 of the 124 foods, from one to seven additional embedded questions are asked about related factors such as seasonal intake, food type (e.g., low fat, lean, diet, caffeine free), and/or fat uses or additions. The DHQ also includes six additional questions about the use of low-fat foods, four summary questions, and ten dietary supplement questions. A copy of the instrument used in EATS is available at the following site: http://appliedresearch.cancer.gov/DHQ/index.html.
The 1995 Block and the Willett (purple form) instruments were the versions used in EATS, as these were the most common FFQs being used at the time the study began. The Block FFQ is eight pages and queries 106 foods. It asks usual portion size as "small," "medium," or "large," providing reference medium portion sizes. In addition, it includes 13 dietary supplement questions, six questions on restaurant eating, five summary questions, eight questions on fat use or low-fat foods, and seven demographic/health-related questions. National dietary data were used to construct the food list, portion sizes, and nutrient database (7) . For this study, scanned data for the Block instrument were processed at the National Cancer Institute using available software. Standard software settings were used except that "Fruit-Adjust," "Veg-Adjust," and "Recalc" were turned off.
The four-page Willett FFQ queries 126 foods. It does not include separate portion size questions but asks respondents to report their frequency of a given reference portion size. It includes ten dietary supplement questions and ten questions primarily regarding fat intake. No information is published about how the nutrient database for the Willett instrument is constructed. For this study, the Willett instrument was scanned and processed at Harvard.
Thirty-five respondents were excluded from DHQ analyses because they had skipped two facing pages of the 36-page booklet. For all three FFQs, we excluded questionnaire data that suggested biologically implausible daily energy intakes of <800 or >4,200 kcal for men or <600 or >3,500 kcal for women. This excluded 7 percent, 7 percent, and 4 percent of women and 9 percent, 4 percent, and 4 percent of men for the DHQ, Block FFQ, and Willett FFQ, respectively.
Analyses
Descriptive statistics were carried out to assess the demographics, response rates, and median nutrient intakes excluding supplements. There were 26 nutrients or dietary constituents (including the percentage of macronutrients from energy) common to the recall and the three FFQ nutrient databases for which analyses across all instruments could be performed. In each study group, nutrient correlations were estimated for each FFQ and truth with a measurement error model and 24-hour dietary recalls as the reference instrument (14) using all available recall and FFQ data. The model assumes that error in a test instrument may include systematic bias as well as within-person variation, but error in the reference instrument (here, 24-hour recalls) 
the estimated correlation coefficients between the FFQ and true intakes are equivalent to deattenuated crude correlations between the FFQ and reference instruments. Because, in this case, the repeat recalls were conducted about 3 months apart, it is further assumed that random error u ij and corresponding to four repeat measurements of the same person are independent. Except for energy and the percentage of energy from macronutrients, the measurement error models were applied both with and without energy adjustment using the residual method (13) .
There are many parameters of interest when evaluating how each FFQ performs relative to true dietary intake. For each FFQ comparison, we estimated the correlation coefficient between the FFQ and true intake (ρ) and the attenuation coefficient (λ). ρ reflects validity, which is whether the FFQs measure what they are supposed to measure. The attenuation coefficient is the amount by which the log relative risk between the exposure and some disease would be distorted because of measurement error in the FFQ. Although, in general, the λ can take on any value, it typically ranges from 0 to 1 for dietary variables. A λ close to 1 indicated minimum attenuation, whereas a λ close to 0 indicates maximum attenuation.
Generally, nutrient intakes were not normally distributed for any of the instruments. Therefore, prior to modeling, by nutrient and gender, we calculated a Box-Cox power trans- 
* DHQ, Diet History Questionnaire; RE, retinol equivalent; ATE, alpha-tocopherol equivalent. † The food frequency questionnaire value is >15% different from the value for the recalls. (16, 17) for the average of the four recalls. This power transformation was then applied to all instruments. After transformations, nutrient outliers were excluded from the modeling if intakes were less or greater than three times the interquartile range between the first and third quartiles for that nutrient. Exclusions across all nutrients and instruments ranged from zero persons for calcium to 14 for vitamin A. On average, three men and three women were excluded in the modeling for any given nutrient.
RESULTS
Of the 1,640 respondents (829 men and 811 women) who agreed to participate in the screening interview, 1,500, 1,418, 1,358, and 1,301 completed the first, second, third, and fourth 24-hour dietary recall, respectively. These 1,301 participants were randomized into the two study groups. Of these, 1,024 returned the first FFQ mailing, 999 completed the second, and 961 completed both FFQs. Table 1 presents the demographic characteristics of participants as the study progressed from completion of one recall, to randomization after completion of four recalls, to completion of at least one FFQ. These data show that, compared with those completing all four recalls, those completing at least one FFQ were significantly more likely to be women, older, and of White race/ethnicity. No educational differences were seen. Tables 3 and 4 Table 5 shows the estimated correlations between truth and the FFQs for the transformed nutrients with and without energy adjustment, by gender. Correlations of energy with truth for both genders for the DHQ and Block questionnaire were close to 0.5; for the Willett instrument, correlations were about 0.2. Generally, correlations for the Willett instrument were substantially lower than either the DHQ or Block FFQ before energy adjustment. After energy adjustment, however, these correlations improved dramatically for the Willett FFQ, while for the DHQ and Block FFQ, they also improved, but less so. The net effect was that, after energy adjustment, the correlations for all three instruments became more similar to one another. Overall, the DHQ and Block FFQ performed most similarly to one another, and both per- Table continues formed differently from the Willett FFQ; the DHQ correlations were generally as good as or better than those for either the Block FFQ or the Willett FFQ after adjustment. Table 6 shows selected attenuation coefficients for nutrients. The findings are similar to those shown in table 5, with improvement from unadjusted to adjusted greatest for the Willett instrument. Overall, the DHQ had the highest coefficients (smallest attenuation) for both men and women.
Given the interpretation considerations related to multiple testing, we chose not to test for significant differences in correlations between instruments. Table 7 summarizes, through counts and means, information from tables 3-6 for purposes of descriptive comparison of the FFQs. With respect to how closely each instrument estimated nutrient intakes compared with the recalls, the DHQ was superior for men. The Willett instrument performed the least favorably with up to 65 percent of the nutrient values for men 15 percent less or greater than the median recall values. For correlations, two comparisons are shown. The first is a count of how many times the correlations were highest for each FFQ, and the second is the mean of the correlations across all nutrients. The DHQ correlations were highest for most nutrients in all analyses. The mean correlation coefficients were also higher for the DHQ, though never by more than 0.07 for the energy-adjusted values. The DHQ was highest with respect to attenuation except for unadjusted values for men, though the mean coefficients were similar for all instruments in energy-adjusted models.
DISCUSSION
These data indicate that the DHQ and Block instruments tended to track together in the magnitude of correlations before energy adjustment and to increase similarly after adjustment compared with the Willett FFQ. This is not surprising. These two instruments rely on national dietary data to develop the food lists, portion sizes, and nutrient databases (7, 12) , ask specific portion size questions, and assign different portion size values to men and women. The Willett instrument does not specifically ask portion size, and the analytical software used at Harvard assigns identical portion sizes for men and women. These validation data are generally comparable with those found from previous studies of various versions of the Block FFQ and the Willett FFQ (18-28) . Direct comparisons of the present data with this previous research are difficult because of the variations in analytical methods used for assessing correlation coefficients (crude vs. deattenuated) and adjusting for energy intake (none vs. nutrient density or residual methods). In addition, some of the previous studies use different reference instruments (records or recalls of varying numbers of days), have varying sample sizes, and consist of distinctly specific population groups (female nurses, male health professionals, prepregnant/ pregnant women, etc.). Because this study was not embedded in a larger epidemiologic study, sampling could occur randomly nationwide, across a wide age range. Though, no doubt, willingness to participate leads to some selfselection, these data represent a more general population than most other validations.
An unexpected finding was the generally lower deattenuated correlations for the Willett FFQ and the dramatic impact of energy adjustment in improving these values compared with the Block and DHQ instruments. This suggests that, for the purposes of assessing absolute intakes, the Block FFQ and DHQ are substantially better choices than the Willett FFQ and that energy adjustment must be used when using the Willett instrument. Generally, the correlations for all three instruments are higher and more comparable after energy adjustment, indicating that this may reduce error in FFQ reporting.
Two important questions are why the Willett instrument produced lower correlations for absolute intakes than the ). There is evidence in our study that this lack of specificity in portion sizes creates error in absolute nutrient estimates: The Willett instrument tends to underestimate the nutrient intakes of men and to overestimate the nutrient intakes of women. In a highly heterogeneous population, such as in the present study, the assumption of a standard portion size across all groups is likely to create additional substantial error, diminishing all correlations. This may explain the difference in the correlation coefficients between the Willett FFQ and the other two FFQs. Energy adjustment, in general, appears to reduce measurement error in all FFQs. Energy comes from nearly all items asked and therefore may serve as a good surrogate variable to adjust for all other nutrients. In this study, too, the correlation coefficients in all three instruments improved after energy adjustment. The particularly dramatic improvement in the Willett FFQ may be due to a substantial portion size error in absolute intakes that is reduced by energy adjustment.
The measurement model underlying all the calculations in this paper is based on the assumptions that error in the reference instrument (here the 24-hour recall) is unbiased and contains only within-person variation uncorrelated with errors in the FFQ. Recent evidence suggests that these assumptions may be unwarranted for self-reported reference instruments. Studies involving biomarkers, such as doubly labeled water for measuring energy intake and urinary nitrogen for protein intake (29) (30) (31) (32) (33) (34) (35) , suggest that reports using food records or recalls are biased (on average toward underreporting) and that persons may systematically differ in their reporting accuracy. This could mean that all dietary report instruments involve bias at the individual level. Part of the bias may depend on true intake and manifest itself in what is often called a flattened slope syndrome. Part of the bias may also be person specific (36) and correlate with its counterpart in the FFQ.
For this reason, Kipnis et al. (36, 37) proposed a new measurement error model that allows for correlated personspecific biases in the dietary report reference instrument and in the FFQ. Using sensitivity analysis (36) , they showed that, if the correlation between person-specific biases in the FFQ and reference instrument was 0.3 or greater, the usual Using this new model, one can speculate that the correlation between person-specific biases in 24-hour recalls and the Block FFQ or DHQ may be somewhat higher than the Willett FFQ because of similarities in how portion size is asked (these two FFQs and recalls require respondents to recall portion size). This may lead to somewhat inflated correlation coefficients for absolute intakes for the DHQ and Block instruments and be part of the explanation for why the Willett instrument produced substantially lower correlation coefficients with true intake. We think, however, that the correlation between the errors in FFQs and recalls induced by portion size questions constitutes only a small part of the correlation between person-specific biases; these biases may be induced by many other factors related to self-reporting, such as other personality and cultural characteristics. Therefore, the additional correlations between errors in different instruments that may be caused by portion size questions are likely to explain only a small part of the discrepancy in the estimated correlations between three different FFQs and truth.
To better understand the structure of measurement error in FFQs, further research needs to be conducted in varied populations with biomarker reference instruments that are not based on self-report, such as urinary nitrogen and doubly labeled water. Such research will provide the necessary information to assess properties of different FFQs both for absolute intakes and intakes after energy adjustment.
At the time the study was conducted, we used the versions of the Willett and Block instruments most widely used in diet and epidemiologic research. The Block instrument, originally created in the early 1990s at the National Cancer Institute, was updated in 1992, 1995, and 1998. Several of the cognitive improvements suggested in our previous research (8) and integral to the DHQ have been incorporated in the 1998 version. However, the method by which portion size is now asked is quite different from the original versions. The most recent Willett instrument, too, has been modified to incorporate more low-fat foods. Validation work on both of these newer instruments needs to be conducted to ensure and justify their use.
The DHQ represents a new FFQ available to researchers. Most investigators pause at its 36-page length. However, most of this length is due not so much to the increased amount of information asked, but rather to a non-grid formatting style that repeats response categories. Cognitively, this is recommended by survey designers because the questions and answers appear as a unit for every item and because the navigational flow is consistent across questions.
Further, this format allows for more flexibility in asking nonstandard questions within the instrument. This study, as well as one earlier investigation in a large prospective screening trial (38) , has shown that the increased page length or time required to complete the DHQ (about 1 hour) does not materially affect response rates. The screening trial data also showed that the non-grid format led to fewer missing data and scanning errors, particularly for portion size. The DHQ will, however, lead to increased printing, scanning, and mailing costs (though the software and nutrient analyses are in the public domain).
The current study includes a unique study design and new standard for validation by including a comparison of our new FFQ directly with two widely used FFQs. These data show clearly that the efforts put into creating and testing a cognitively based FFQ (8, 9, 12, 38) were worthwhile in a domain of data collection that is, at this point in time, still primarily self-reported. Overall the DHQ is as good as or better than the two FFQs with which it was compared. This makes it both a reasonable alternative for investigators to use in their diet research and a candidate for further development in diverse populations. Information about obtaining and using the DHQ can be found at http://appliedresearch.cancer.gov/DHQ/ index.html.
